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Abstract 1 
Background Context: Magnetic resonance imaging (MRI) has the potential to identify 2 
pathology contributing to neck pain. However, the importance of findings on MRI remains 3 
unclear.  4 
Purpose: To investigate whether findings on cervical spine MRI predict future neck pain.  5 
Study Design: Systematic review.  6 
Patient Sample: People with or without neck pain.  7 
Outcome measures: Clinically important neck pain outcomes such as pain and disability. 8 
Methods: The review protocol was registered on PROSPERO [CRD42016049228]. MEDLINE, 9 
CINAHL and EMBASE databases were searched. Included were prospective cohort studies 10 
investigating the association between baseline MRI findings and clinical outcome. Cohorts 11 
with serious underlying diseases as the cause of their neck pain were excluded. Associations 12 
between MRI findings and neck pain outcomes were extracted from the included studies.  13 
Results: A total of twelve studies met all inclusion criteria. Eight studies presented data on 14 
participants with current neck pain, two studies included a mixed sample, two studies 15 
included a sample of participants with no current neck pain. Due to the heterogeneity 16 
between the studies in terms of MRI findings, populations and clinical outcomes 17 
investigated, it was not possible to pool the results. No consistent associations between MRI 18 
findings and future outcomes were identified. Single studies of populations with neck pain 19 
reported significant associations for neck muscle fatty infiltrate (risk ratio (RR) 21.00, 95% CI 20 
2.97 to 148.31) with persistent neck disability; disc protrusion (mean difference (MD) 21 
ranged from -1.83 to -2.88 on 10- point pain scale) and disc degeneration (RR: 0.59; 95% CI: 22 
0.36 to 0.98) with neck pain. In a population without pain, the development of foraminal 23 
stenosis over a 10 year period was associated with development of neck pain (RR: 2.99; 95% 24 
CI: 1.23 to 7.23). 25 
Conclusions: The limited number, heterogeneity and small sample size of the included 26 
studies, do not permit definitive conclusions on the association between MRI findings of the 27 
cervical spine with future neck pain. 28 
 29 
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Introduction 1 
Neck pain is one of the most common musculoskeletal disorders and can have a significant 2 
impact on people’s ability to work and carry out activities of daily living [1-9]. The 2010 3 
Global Burden of Disease study ranked neck pain as the fourth highest cause of disability, as 4 
measured by years lived with disability (YLDs) [2-10]. Furthermore, the annual prevalence of 5 
neck pain amongst the general population is reported to be around 30-50%, leading to a 6 
significant health and economic burden within today’s society [3,5,7-9,11-13].  7 
  8 
In most cases of neck pain, the specific nociceptive cause cannot be identified once serious 9 
pathologies (e.g. cancer, fracture, etc.) and nerve root involvement have been eliminated 10 
[4,14]. As a result, the majority of patients with neck pain are considered to have non-11 
specific neck pain (NSNP). When an acceleration-deceleration force, such as a motor vehicle 12 
collision precedes the onset of neck pain, the person is often considered to have a whiplash 13 
injury, which in turn may lead to a variety of clinical manifestations called Whiplash-14 
Associated Disorders (WAD) [3,15,16]. Whilst the mechanism of injury for WAD is known, 15 
the nociceptive source, similar to NSNP, remains unclear. So, despite the societal (and 16 
personal) burden neck pain poses, there is a lack of understanding of the aetiology and 17 
prognosis of neck pain, potentially contributing to the lack of highly effective targeted 18 
interventions [17,18]. The ability to accurately and consistently identify the source(s) of the 19 
patient’s pain has the potential to result in a better understanding of the expected rate of 20 
recovery for individual patients, and more effective and targeted interventions [1,2,11,18].  21 
 22 
Magnetic Resonance Imaging (MRI) has the potential to identify the anatomical structures 23 
contributing to a patient’s neck pain. However, the findings from MRI studies have been 24 
questioned and remain controversial partly due to the presence of pathological or 25 
degenerative findings in asymptomatic subjects [19-21]. To determine the 26 
prognostic/diagnostic value of MRI findings, studies need to follow people over time and 27 
assess if MRI findings are associated with important patient outcomes.   28 
 29 
A large proportion of the existing research investigating the association between MRI 30 
findings and neck pain is cross-sectional in design. Cross-sectional studies provide little 31 
information on the clinical importance or otherwise of MRI findings in the cervical spine and 32 
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do not provide evidence on whether MRI findings predict the course of a patient’s neck 1 
pain, or the development of neck pain in those who are currently pain free. We are unaware 2 
of any previous systematic review of longitudinal studies investigating whether MRI findings 3 
in the cervical spine are predictive of future neck pain or the clinical course of a patient’s 4 
neck pain. Therefore, the broad aim of the study was to investigate whether findings 5 
identified on cervical MRI predicted future neck pain. The specific review questions were as 6 
follows:  7 
1) Do MRI findings predict future neck pain in people with no current neck pain? 8 
2) Do MRI findings predict the course of neck pain in people with current neck pain? 9 
 10 
Material and Methods 11 
A review protocol was registered with PROSPERO on the 12th of October 2016 prior to the 12 
commencement of the review. The protocol can be found at: 13 
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016049228 14 
 15 
Search methods 16 
An electronic search was conducted across three databases: MEDLINE, EMBASE and CINAHL, 17 
using a broad search strategy. The search strategy included terms across the three domains 18 
of neck pain, MRI and prognosis/prediction. The neck pain terms were based on those 19 
recommended by the Cochrane Back and Neck Group [22]. The MRI and prognosis terms 20 
were based upon a previous similar systematic review investigating MRI findings in people 21 
with low back pain [23]. References of included studies were checked for any other 22 
potentially eligible studies. For further details regarding the search strategy, see appendix 1.  23 
 24 
 25 
Study selection and inclusion criterion 26 
 27 
The titles of identified studies were initially screened by one of two review authors (LH or 28 
DA) to exclude clearly irrelevant studies. Two independent authors (LH and DA) reviewed 29 
the abstracts from the remaining studies. The full text of potentially eligible studies was 30 
then retrieved and reviewed by two independent authors (LH and DA). Disagreement at any 31 
stage was resolved through discussion and then consensus with a third author (MH).  32 
 33 
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In order to be included in the systematic review each study had to meet all the following 1 
pre-defined criteria: 2 
1. Participants must have undergone cervical MRI at baseline and any findings must be 3 
reported. 4 
2. Neck pain status using any clinically important outcome (e.g. pain, disability, or global 5 
recovery) was measured and reported at follow-up of at least one week. 6 
3. The association between MRI findings (baseline or change over time) and neck pain 7 
outcomes (or sufficient raw data to calculate a measure of association) was reported. Simply 8 
reporting a p-value, which prompted an email request to the corresponding author, was 9 
insufficient to meet this criterion. 10 
4. Longitudinal study, which may include RCTs, providing that only conservative treatment was 11 
provided or where the data from the conservative treatment group was reported separately 12 
from the invasive group.  13 
 14 
 Studies that included participants with a serious underlying pathology (e.g. cancer, fracture 15 
or infection) as the cause of their neck pain or who received invasive interventions such as 16 
surgery to treat their neck pain were excluded.  17 
 18 
Data extraction and Methodological Quality 19 
 20 
Data extraction was completed independently by two review authors (LH and DA). 21 
Disagreement was resolved through discussion and then consensus with a third author 22 
(MH). The data extracted included the number of participants, population source, age, 23 
location, follow-up duration, MRI findings and clinical outcomes. Missing data were 24 
requested via email to authors where it was clear they had collected the data required for 25 
the review, but it was reported in a way that was insufficient to meet our inclusion criteria 26 
(e.g. only a p-value reported). If there was no response within two weeks, a reminder email 27 
was sent to those who had not responded.  28 
 29 
The methodological quality of each study was assessed independently by two reviewers (LH 30 
and DA) using an adaptation of the criteria established by Altman (2001) [24]. The 31 
standardised checklist used by the reviewers included the following pre-defined criteria: (i) 32 
Definition of study sample (source, inclusion and exclusion criteria); (ii) A representative 33 
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sample of the target sample (selected using random selection or as consecutive cases); (iii) 1 
Follow-up rate > 80% (outcome data available for at least 80% of participants at 3 months or 2 
later); (iv) Follow-up time was adequate (at least one prognostic outcome was followed-up 3 
at 3 months or later); (v) Interpretable prognostic outcomes are provided (raw data, 4 
percentages, survival rates or continuous outcome reported); (vi) Blinding (assessor 5 
unaware of at least one prognostic factor). Any disagreements between the two reviewers 6 
were resolved via discussion and then consensus with a third author (MH). Each criterion 7 
was scored as positive ‘yes’ or negative ‘no’. A positive response indicating that sufficient 8 
information was provided to determine a positive assessment, and a negative response 9 
indicating either there was not enough information to sufficiently determine a positive 10 
response or the criterion was not satisfied.  11 
 12 
Analysis 13 
Where sufficient raw data were provided, risk ratio (RR) and 95% confidence intervals (CI) 14 
were calculated. RRs > 1 suggested an increased risk of poor outcome associated with the 15 
presence of the MRI finding of interest. The plan was to conduct a meta-analysis if adequate 16 
homogeneity existed between the studies in terms of MRI findings, clinical outcomes and 17 
populations. We decided in advance that we would not pool studies of participants with 18 
current neck pain and those of participants without current neck pain, as they would be 19 
answering different questions. Studies of participants with current neck pain were used to 20 
investigate if findings on MRI predicted the course of clinical outcomes. Studies of 21 
participants without current neck pain were used to investigate if MRI findings predicted the 22 
development of future neck pain.  23 
 24 
 25 
Results 26 
 27 
Selection of studies 28 
The electronic search identified 6303 studies (1776 MEDLINE, 4910 EMBASE, 262 CINAHL) 29 
after removing duplicates. After review of titles and abstracts, 35 full-texts were assessed 30 
for eligibility. A total of 23 studies were excluded for a variety of reasons including no data 31 
on an association between MRI findings and clinical outcomes or ineligible study design 32 
(Figure 1). Agreement between the 2 independent reviewers was high (Kappa=0.67) with 33 
disagreements on 5 studies resolved through discussion and consensus with a third author 34 
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(MH). There were eight studies that appeared to meet the inclusion criteria but did not 1 
present adequate data [25-32]. We contacted the authors and three provided the data 2 
required [30-32]. Twelve studies met all the inclusion criteria and were included in the 3 
review [30-41] (Figure 1).  4 
 5 
Methodological quality 6 
Overall, the twelve studies included were of medium to high quality as determined by the 7 
methodological quality rating suggested by Altman [24]. There were no disagreements 8 
between the 2 independent reviewers on methodological quality ratings. Loss to follow-up 9 
was the item that scored most poorly with seven studies (58%) having follow-up rates less 10 
than 80%. Three studies (25%) did not define the study sample or include a representative 11 
sample population.  The methodological quality ratings of individual studies are included in 12 
Table 1.  13 
 14 
Study characteristics 15 
Detailed information on data extracted for each study is provided in Table 2. There was 16 
agreement between the 2 independent reviewers on most of the data extracted. 17 
Disagreements on a limited number of data points from 3 studies were resolved through 18 
discussion and consensus with a third author (MH).  Eight studies included samples of 19 
patients with current neck pain [30,31,33-36,40,41], two studies included a mixed sample 20 
[32,37] and two studies included participants without current neck pain [38,39]. The 21 
samples of participants were largely drawn from emergency departments (ED), local GPs, 22 
and volunteers in the community, or recruited through local hospital wards. There was a 23 
large age range across the studies (10 to 83 years) and the follow-up times varied from one 24 
week to 10 years. Overall 9 studies included participants with WAD [30,31,33-37,40,41] and 25 
only one study included participants with non-specific neck pain [32].  26 
 27 
Association of MRI findings with clinical outcomes 28 
Due to the heterogeneity of samples, MRI findings and clinical outcomes, it was not possible 29 
to pool results of individual MRI findings across multiple studies. The associations between 30 
individual MRI findings and outcomes from all twelve studies are presented in Table 3. RRs 31 
and 95% CI were calculated from the extracted raw data for the following studies [31,33,41] 32 
[34,37-40]. From two studies, we were able to calculate a mean difference (MD) and 95% CI 33 
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from the extracted raw data [36] and for another study MD (-coefficient with 95% CI from 1 
linear regression) was reported [30,32]. One study reported odds ratios(ORs) and 95% CI 2 
[35].  3 
 4 
Current Neck pain 5 
Eight studies investigated the association between MRI and clinical outcomes in a sample of 6 
participants with current neck pain [30-34,36,40,41]. All eight studies enrolled participants 7 
who had experienced an acute whiplash injury at the time of enrolment. Of the eight 8 
studies, three reported on disc bulges or disc protrusions [34,36,40], one reported on 9 
associations of muscle fatty infiltrate (MFI) in the cervical extensors [33], one on cross-10 
sectional area and shape ratio of the oropharynx[30], one on degenerative findings and 11 
traumatic findings [31], one on cervical spinal curvature [35] , and one on the signal 12 
intensity of the alar and transverse ligaments [41]. The other included study reported on a 13 
variety of MRI findings including decrease in signal intensity of intervertebral disc, anterior 14 
compression of dura and spinal cord, disc space narrowing and foraminal stenosis [34]. 15 
 16 
Five of these studies looked at the effect of certain baseline MRI findings on neck pain at 17 
follow-up ranging from 6 weeks to 10 years [31,34-36,40]. Three of these studies 18 
investigated disc findings such as protrusions and bulges. Jonsson et al [36] investigated the 19 
association of disc protrusions (graded 0-4) with neck pain at 6 weeks, 1 year and 5 year 20 
follow-up in 50 people with acute whiplash. Those with a higher grade of disc protrusion at 21 
baseline reported lower levels of neck pain at the 1year and 5 year follow ups, but not at 22 
6week follow up (Table 3). The most marked difference between the groups occurred at the 23 
5 year follow-up, with participants with disc protrusions of grade 1-4 reporting on average 24 
almost 3 points less pain on the VAS than those with no disc protrusion (MD = 2.88; 95% CI = 25 
1.50 to 4.26). Peterson et al[40] investigated 39 patients who were admitted to hospital 26 
with whiplash following a motor vehicle collision. The study reported that the presence of a 27 
dorsal disc bulge (RR: 2.14; 95% CI: 0.99 to 4.62) was associated with approximately double 28 
the likelihood of still reporting pain two years later, although the association did not quite 29 
reach statistical significance. Ventral disc bulges were not associated with presence of pain 30 
at 2 years (RR: 1.28; 95% CI: 0.63 to 2.59). Ichihara et al [34] investigated 133 patients from 31 
a previous study who presented to 15 institutions with acute whiplash. They found no 32 
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statistically significant association between those who had a progression of posterior disc 1 
protrusion over 10 years and those who did not on the presence of neck pain at 10 year 2 
follow up (RR: 1.65; 95% CI: 0.69 to 3.93).  3 
 4 
Two studies [31,34] investigated the association between degenerative disc findings and 5 
future neck pain or disability. Kongsted et al (n=213) investigated the association between 6 
different thresholds of pre-existing degenerative MRI findings ( mild pre-existing 7 
degeneration and  moderate pre-existing degeneration) and the presence of pain or 8 
disability at 3 months and 1 year [31]. The presence of > mild pre-existing degeneration was 9 
associated with reduced risk of neck pain at 1 year (RR: 0.59; 95% CI: 0.36 to 0.98). No other 10 
associations with pain or disability at 3 months or 1 year were statistically significant. The 11 
study by Ichihara [34] found no statistically significant associations between the presence of 12 
disc degeneration/deterioration (decrease in signal intensity; disc space narrowing; 13 
foraminal stenosis) over 10 years and presence of neck pain at 10 year follow up.  14 
 15 
Three studies [31,33,35]investigated the association between other MRI findings (traumatic 16 
findings, muscle fatty infiltrate, cervical kyphosis), and neck pain, disability and headaches. 17 
Muscle fat infiltrate was the only finding with a significant association with outcome.  18 
 19 
Elliott et al [33] examined the association between development of muscle fatty infiltrates 20 
(MFI) in the cervical extensors and neck disability following a motor vehicle collision related 21 
whiplash injury. Those with high levels of MFI were 21 times more likely to experience a 22 
poor outcome (neck disability index of >30%) (RR: 21.00; 95% CI: 2.97 to 148.31) [33].  23 
 24 
Mixed samples (sample with and without current neck pain) 25 
Two studies investigated a mixed sample of subjects with acute neck pain (WAD and/or 26 
NSNP) and those who were asymptomatic [32,37]. Lami et al [32] included 60 school 27 
children (12 years-old) and investigated the associations between disc degeneration and 28 
disc bulging with neck pain intensity and headache intensity 5 years later. Matsumoto et al 29 
[37] investigated 356 participants from a previous study recruited from 15 institutes with 30 
acute whiplash injury. They reported on the association between modic changes (type 1, 31 
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type 2 and all types) with the presence of neck pain or headaches 11 years later. No 1 
statistically significant associations were found. 2 
 3 
 No current neck pain 4 
Two studies [38,39] investigated the associations between developing MRI findings and 5 
developing neck pain in a sample of initially asymptomatic individuals. Participants were 6 
imaged at baseline and 10 years later in both studies. Okada et al investigated 223 7 
asymptomatic participants and reported on the association between developing anterior 8 
compression of dura and spinal cord (SC), disc space narrowing, posterior disc protrusion 9 
and foraminal stenosis, and the presence of neck pain at 10 year follow up [39]. 10 
Development of foraminal stenosis was associated with 3 times greater risk of having neck 11 
pain at 10 year follow up (RR: 2.99; 95% CI: 1.23 to 7.23). The development of other MRI 12 
findings was not statistically associated with neck pain at 10 year follow up. Matsumoto et 13 
al (2012) [38] reported on the association between development of modic changes (type 1, 14 
type 2 and all types) with the presence of neck pain at 10 year follow up. The development 15 
of modic changes was not associated with the presence of pain at 10 year follow up.  16 
 17 
Discussion 18 
 19 
Statement of Principal findings 20 
This review reveals a limited number of studies have investigated MRI findings as predictors 21 
of future neck pain. The included studies were mostly small, with numbers of participants 22 
ranging from 36 to 213, and investigated a wide variety of MRI findings and clinical 23 
outcomes. Most of the studies included patients experiencing an acute whiplash injury and 24 
only 2 studies investigated participants without current neck pain at baseline. It was not 25 
possible to pool any results due to heterogeneity of MRI findings, populations, and 26 
outcomes.  27 
 28 
No consistent associations were identified across multiple studies. Single studies reported 29 
significant associations between some MRI findings measured at baseline with future clinical 30 
outcomes. One study found that people with higher levels of MFI on MRI 2 weeks after a 31 
whiplash injury were at substantially greater risk of neck disability (RR: 21.00; 95% CI: 2.97 32 
to 148.31) at 3 month follow-up [33]. Another study found that a higher grade of disc bulge 33 
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was predictive of less intense pain at a 1 and 5 year follow-up (MD ranged from -1.83 to -1 
2.88)[36]. This unexpected finding was quite consistent regardless of the threshold used to 2 
dichotomise disc protrusion. Similarly, Kongsted et al [31] reported that patients presenting 3 
with  mild degeneration were at lower risk of neck pain at 1 year follow up than those with 4 
no degeneration (RR: 0.59; 95% CI: 0.36 to 0.98); however, there was no significant 5 
association for the outcome of disability at 3 or 12 months or for pain at 3 months. Some 6 
other studies reported potentially relevant relationships between MRI findings and clinical 7 
outcomes (e.g. RR> 2); however, the CIs were wide due the small sample sizes.  8 
Only one study reported a significant association between a change in MRI finding over time 9 
and a clinical outcome. In a population without neck pain at baseline Okada et al [39] found 10 
that development of foraminal stenosis over a 10 year period was associated with 3 times 11 
greater risk of having neck pain at 10 year follow up (RR: 2.99; 95% CI: 1.23 to 7.23). 12 
 13 
Strengths and weaknesses of the study 14 
To the best of our knowledge, this is the first systematic review to summarise the available 15 
evidence on whether MRI findings predict future neck pain. The protocol for the review was 16 
developed prospectively and registered with Prospero. We developed a broad search 17 
strategy that combined MRI and prognosis terms from a previous systematic review and 18 
neck pain terms suggested by the Cochrane Neck and Back Group [22,42]. We contacted 19 
authors to request data when not available in the published manuscript. To further reduce 20 
the risk of missing any relevant studies, we also examined the reference lists and citations of 21 
all included studies.  22 
 23 
A limitation of the present study is the heterogeneity of the studies reviewed, particularly 24 
the variety of MRI findings reported and clinical outcome measures. For this reason, we 25 
were unable to pool study results. Furthermore, the sample size across the included articles 26 
were relatively small, resulting in the possibility of important effects being missed due to 27 
large confidence intervals. A factor that could have influenced the results of the included 28 
studies is the variety of MRI scanners, imaging protocols, sequences, and training of MRI 29 
readers across the different studies. This review only examined MRI findings and did not 30 
look at any other form of imaging.  31 
 32 
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Comparison with other studies 1 
One previous systematic review investigated the association of MRI findings and future low 2 
back pain [42]. The review experienced similar issues of heterogeneity of the studies 3 
examined as well as a general lack of research in this area.  Similarly, to this review some 4 
individual MRI findings were associated with future low back pain, but no consistent 5 
associations were found across studies.  6 
A previous cross-sectional study examined the association of MFI of the cervical extensors 7 
with neck disability in participants with persistent WAD compared to healthy controls [43]. 8 
The study found that the WAD subjects had significantly larger amounts of fatty infiltrate for 9 
all of the cervical extensor muscles compared to healthy control subjects [43]. This finding 10 
provides some additional support for one of the statistically significant findings of this 11 
review.  12 
 13 
 14 
Meaning of the study 15 
Based on the limited available data included in this review it is unclear if MRI findings are 16 
predictive of future neck pain. Some MRI findings demonstrated significant associations and 17 
should be examined in future large high-quality studies. A clear finding from the review is 18 
the paucity of high quality research on this important question. 19 
 20 
The significant association between the expression of MFI and future neck pain is interesting 21 
because MFI is different to many of the other clinical MRI findings in the included studies. 22 
Whilst the precise mechanisms underlying MFI are largely unknown, its presence potentially 23 
represents one biological factor contributing to overall cervical spine health. It is 24 
noteworthy that the observations of MFI are in contrast to most of the other MRI findings 25 
(e.g. disc protrusion, modic change), which are usually considered potential nociceptive 26 
sources, frequently observed, and commonly reported in clinical radiology reports. A better 27 
understanding of the mechanisms through which increased MFI contributes to future neck 28 
pain is needed. The study by Elliott et al [33] investigated MFI as a predictor in participants 29 
with current (and persistent) neck pain following whiplash. No included studies investigated 30 
MFI as a predictor in people without current neck pain and this is an interesting area for 31 
future research.  32 
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 1 
An interesting and somewhat unexpected finding from our study was that two studies found 2 
those with no obvious pathology (disc protrusion or degeneration) on MRI had worse 3 
outcomes than those with more obvious pathology. There is no clear explanation of these 4 
findings; however, given both studies investigated people with current pain it is possible 5 
that other factors such as psychosocial factors and central pain processes may play a larger 6 
role than cervical pathology. Such factors have been shown to be associated with poor 7 
outcomes in neck pain[44]. Another interesting finding was that no included study reported 8 
on facet joint pathology despite some evidence these structures may be important, 9 
especially after whiplash [45,46]. 10 
 11 
Recommendations for future research 12 
There is a clear need for further large, high-quality studies in order to determine the 13 
importance of MRI findings in relation to future neck pain. Future studies should ensure 14 
adequate power to identify clinically important associations. Studies should investigate a 15 
range of MRI findings rather than focussing on one finding as per several of the included 16 
studies. Studies should also investigate if different thresholds for MRI findings, or different 17 
combinations of MRI findings substantially change the relationship with clinical outcomes. 18 
This approach has shown some promise in similar studies of low back pain[47]. 19 
 20 
 21 
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Table 1. Methodological quality assessment of included studies 
Author, year 
Definition of 
study sample a 
Representative 
sample b Follow-up rate >80% c Follow-up > 3 months d Outcomes reported e 
Blinded  
outcome f 
Elliott, 2015 Yes Yes Yes Yes Yes Yes 
Elliott, 2012 Yes Yes No Yes Yes Yes 
Ichihara, 2009  Yes Yes No Yes Yes Yes 
Johansson, 2011 Yes Yes No Yes Yes Yes 
Jonsson, 1994 No No Yes Yes Yes Yes 
Kongsted, 2008 Yes Yes No Yes Yes Yes 
Laimi, 2014 Yes No Yes Yes Yes Yes 
Matsumoto, 2013 No Yes No Yes Yes Yes 
Matsumoto, 2012 No Yes No Yes Yes Yes 
Okada, 2009 Yes Yes No Yes Yes Yes 
Peterson, 1997 Yes Yes Yes Yes Yes Yes 
Vetti, 2011 Yes No Yes Yes Yes Yes 
aDescription of participant source and inclusion and exclusion criteria. 
bParticipants selected by random selection or as consecutive cases. 
cOutcome data were available for at least 80% of participants at three months follow-up or later. 
dAt least one prognostic outcome was followed up at three months or later. 
eRaw data, percentages, survival rates or continuous outcome reported. 
fAssessor unaware of at least one prognostic factor, used to predict prognostic outcome, at time prognostic outcome was measured. 
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Table 2. Individual study characteristics 
Author, 
year 
Sample Source Mean 
age  
(range) 
MRI findings MRI Scoring  
(threshold) 
Clinical 
outcomes 
Outcome scoring  
(threshold) 
Follow-up  
duration 
(%) 
Elliott, 2015 36 subjects recruited 
through an urban 
academic emergency 
department with level 1 
trauma designation. 
 
35  
(21-63) 
Muscle Fatty Infiltrate 
(MFI) 
% of MFI present 
(unclear) 
Disability  NDI (Recovered/ 
mild: NDI of 0-28%;                                 
moderate/severe: 
NDI> 30%) 
1 week, 2 
weeks 
and 3 
months 
(100%) 
Elliott, 2012 52 subjects recruited 
from the emergency 
department at a large 
metropolitan hospital 
and referral through 
medical practitioners and 
physiotherapists. 
 
34  
(18-50) 
Cross sectional area and 
shape ratio of 
oropharynx   
 
Square millimeters 
(unclear) 
Disability NDI (Recovered: 
NDI <8%; Mild (NDI 
10-28%); 
Moderate/Severe 
(NDI>30%)   
 6 months 
(79%) 
Ichihara, 
2009  
133 patients recruited 
from previous study 
recruited from 15 
institutes with acute 
whiplash injury.  
50  
(10-60) 
Decrease in signal 
intensity of 
intervertebral disc  
Graded 0-2 (≥ 1 present) Pain  No 
change/progression 
(NR) 
10 years 
(34%) 
   Anterior compression of 
dura and spinal cord 
Graded 0-4 (≥ 1 present)    
   Posterior disc protrusion Graded 0-2 (≥ 1 present)    
   Disc space narrowing Graded 0-2 (≥ 1 present)    
   Foraminal stenosis Graded 0-1 (≥ 1 present)    
Johansson, 
2011 
174 participants referred 
from emergency 
department and GPs 
35  
(18-70) 
Cervical Posture:  
Straight 
Kyphosis 
Lordosis 
 
Yes/No (present) 
Pain 
Headache 
11-point box scales 
(Mild pain 0-3; 
Considerable pain 
4-10) 
1 year 
(61%) 
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Jonsson, 
1994 
50 patients from 
emergency department 
at University Hospital. 
33  
(18-55) 
Disc Protrusions  Graded 0-4 (≥ 1 present) Pain   VAS (NR) 6 weeks, 
1 year,  
5 years 
(100%) 
        
Kongsted, 
2008 
213 subjects were 
referred from emergency 
departments and GPs in 
two countries. 
33  
(18-70) 
No abnormal findings 
 
Mild pre-existing 
degeneration:  
Yes/no (present) 
 
reduced disc height 
and/or signal 
Pain 
 
 
Disability  
 0-10 scale (mild 0-
4; considerable 5-
10) 
Copenhagen neck 
disability scale 0-30 
(0-6= minimal; >6 
=considerable) 
3 months 
and 1 
year 
(77%) 
    
Moderate/severe pre-
existing degeneration:  
 
 
 
 
 
Traumatic Findings 
 
 
 
 
 
Foraminal spinal 
stenosis and/or 
Non-traumatic 
bulge/protrusion with 
or without compression 
of the spinal cord 
and/or Modic changes 
 
Bleeding/oedema 
and/or separation of 
disc from vertebral 
endplate and/or 
Traumatic bulge of 
protrusion with/without 
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compression of spinal 
cord 
 
Modic changes type 2 
Ventral disc bulge 
Laimi,  
2014 
60 participants from all 
12-year-old school 
children in the city of 
Turku in Finland. 
17 
(17-17) 
Disc Degeneration  NR Headache 
frequency 
Neck pain 
frequency 
Number of monthly 
episodes  
(≥ 1/month) 
5 years 
(87%) 
   Disc Bulging      
     Headache 
intensity 
(VAS) 
Neck pain 
intensity 
(VAS) 
0-10 (≥ 1)  
        
Matsumoto, 
2013 
356 participants (133 
from a previous acute 
whiplash study and 223 
healthy volunteers. 
50 
(NR) 
Modic changes type 1  Yes/No (present)  Pain  No 
change/progression 
(NR) 
11 years 
(26%) 
   Modic changes type 2    11 years 
(45%) 
Matsumoto, 
2012 
223 asymptomatic 
participants from a 
previous study with no 
history of trauma. 
51.5  
(23-83) 
Modic changes type 1  Yes/No (present)  Pain  No 
change/progression 
(NR) 
10 years 
(45%) 
   Modic changes type 2     
        
Okada,  
2009 
223 asymptomatic 
healthy participants from 
a previous study with no 
history of trauma. 
50.5  
(23-83) 
 
Decrease in signal 
intensity 
Graded 0-2 (≥ 1 positive) Pain  No 
change/progression 
(NR) 
10 years 
(45%) 
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   Anterior compression of 
dura and spinal cord 
Graded 0-4 (≥ 1 positive)    
   Posterior Disc Protrusion Graded 0-2 (≥ 1 positive)    
   Disc Space Narrowing Graded 0-2 (≥ 1 positive)    
   Foraminal stenosis 
 
Graded 0-1 (≥ 1 positive)    
Peterson, 
1997 
39 patients were 
admitted to hospital 
24hours post motor 
vehicle accident with 
whiplash. 
32  
(18-52)  
Dorsal Disc Bulge  Graded 0-3 (normal-
severe) 
Pain  VAS (NR) 2 years 
(95%) 
      Ventral Disc Bulge          
Vetti, 2011 114 patients were 
recruited from a primary 
ward and a hospital 
clinic. 
29  
(18-69) 
Signal intensity of alar 
and transverse 
ligaments 
Graded 0-3 (>0) Disability  Recovered (NDI 
<8%) Not 
recovered 
(NDI>8%) 
12months 
(80%) 
NR: not reported 
GPs: General practitioners 
NDI: Neck Disability Index 
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Table 3. Association between presence of MRI findings and poor clinical outcome 
     
MRI findings Author, year Clinical outcomes  
(follow-up period) 
Risk Estimate 
(95% CI) 
Risk Estimate 
Type 
Populations with current neck pain 
 
Disc bulge/herniation     
Disc protrusions (Grade 1-4 vs Grade 0)^ Jonsson, 1994 Pain (6 weeks) -0.29 (0.52 to -1.10) Mean differencea 
Disc protrusions (Grade 1-4 vs Grade 0) Jonsson, 1994 Pain (1 years) -1.83 (-0.42 to -3.23)* Mean difference 
Disc protrusions (Grade 1-4 vs Grade 0) Jonsson, 1994 Pain (5 years) -2.88 (-1.50 to -4.26)* Mean difference 
Disc protrusions (Grade 2-4 vs Grade 0-1) Jonsson, 1994 Pain (6 weeks) -0.04 (0.78 to -0.86)  Mean difference 
Disc protrusions (Grade 2-4 vs Grade 0-1) Jonsson, 1994 Pain (1 years) -1.36 (0.14 to -2.86)  Mean difference 
Disc protrusions (Grade 2-4 vs Grade 0-1) Jonsson, 1994 Pain (5 years) -2.49 (-0.97 to -4.01)* Mean difference 
Disc protrusions (Grade 3-4 vs Grade 0-2) Jonsson, 1994 Pain (6 weeks) -0.09 (0.74 to -0.91)  Mean difference 
Disc protrusions (Grade 3-4 vs Grade 0-2) Jonsson, 1994 Pain (1 years) -1.84 (-0.43 to -3.26)*  Mean difference 
Disc protrusions (Grade 3-4 vs Grade 0-2) Jonsson, 1994 Pain (5 years) -2.51 (-0.98 to -4.05)* Mean difference 
Dorsal disc bulge  Peterson,1997 Pain (2 years) 2.14 (0.99 to 4.62) Risk ratiob 
Ventral disc bulge  Peterson,1997 Pain (2 years) 1.28 (0.63 to 2.59) Risk ratio 
Dorsal or ventral bulge Peterson,1997 Pain (2 years) 2.33 (0.81 to 6.70) Risk ratio 
Posterior disc protrusion (progression) Ichihara, 2009  Pain (10 years) 1.65 (0.69 to 3.93) Risk ratio 
Anterior compression of dura (progression) Ichihara, 2009  Pain (10 years) 2.06 (0.68 to 6.21) Risk ratio 
Disc degeneration     
Mild pre-existing degeneration  Kongsted, 2008 Pain (3months) 0.87 (0.53 to 1.45) Risk ratio 
Mild pre-existing degeneration  Kongsted, 2008 Pain (1 year) 0.59 (0.36 to 0.98)* Risk ratio 
Mild pre-existing degeneration  Kongsted, 2008 Disability (3months) 1.31 (0.77 to 2.25) Risk Ratio 
Mild pre-existing degeneration  Kongsted, 2008 Disability (1 year) 0.87 (0.58 to 1.29) Risk ratio 
Moderate to severe pre-existing degeneration  Kongsted, 2008 Pain (3months) 0.93 (0.54 to 1.59) Risk ratio 
Moderate to severe pre-existing degeneration Kongsted, 2008 Pain (1 year) 0.46 (0.25 to 0.87)* Risk ratio 
Moderate to severe pre-existing degeneration Kongsted, 2008 Disability (3 months) 1.30 (0.76 to 2.22) Risk ratio 
 Moderate to severe pre-existing degeneration Kongsted, 2008 Disability (1 year) 0.82 (0.53 to 1.29) Risk ratio 
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Decrease in signal intensity of disc (progression)  Ichihara, 2009  Pain (10 years) 0.75 (0.37 to 1.55)  Risk ratio 
Disc space narrowing (progression) Ichihara, 2009  Pain (10 years) 0.75 (0.34 to 1.66) Risk ratio 
Foraminal stenosis (progression) Ichihara, 2009  Pain (10 years) 0.32 (0.02 to 4.60)  Risk ratio 
Other findings or combinations    
Traumatic Findings+/-pre-existing degeneration Kongsted, 2008 Pain (3 months) 0.99 (0.62 to 1.58) Risk ratio 
Traumatic Findings+/-pre-existing degeneration Kongsted, 2008 Pain (1 year) 0.61 (0.38 to 1.00 Risk ratio 
Traumatic Findings+/-pre-existing degeneration Kongsted, 2008 Disability (3 months) 1.29 (0.76 to 2.19) Risk ratio 
Traumatic Findings+/-pre-existing degeneration Kongsted, 2008 Disability (1 year) 0.85 (0.58 to 1.26) Risk ratio 
Signal intensity of alar ligaments Vetti, 2011 Disability (1 year) 1.36 (0.90 to 2.03) Risk ratio 
Signal intensity of transverse ligaments Vetti, 2011 Disability (1 year) 1.14 (0.72 to 1.80) Risk ratio 
Muscle Fatty infiltrate Elliott, 2015 Disability (3 months) 21.00 (2.97 to 148.31)* Risk ratio 
CSA of oropharynx (mm) Elliott, 2012 Disability (6 months)  -0.03 (-0.14 to 0.09) Mean difference 
Oropharynx shape ratio (per 0.1 ratio change) Elliott, 2012 Disability (6 months)  -1.27 (-5.05 to 25.2)  Mean difference 
Cervical kyphosis (vs lordosis) Johansson, 2011 Pain (1 year)# 1.20 (0.30 to 4.60) Odds ratioc 
Cervical kyphosis (vs lordosis) Johansson, 2011 Pain (1 year) 0.40 (-1.60 to 2.50) Mean difference 
Cervical kyphosis (vs lordosis) Johansson, 2011 Headache (1 year)# 1.80 (0.50 to 6.70) Odds ratio 
Cervical kyphosis (vs lordosis) Johansson, 2011 Headache (1 year) - 0.50 (-2.20 to 2.10) Mean difference 
Straight Cervical MRI (vs lordosis) Johansson, 2011 Pain (1 year)# 0.50 (0.20 to 1.30) Odds ratio 
Straight Cervical MRI (vs lordosis) Johansson, 2011 Pain (1 year) -0.80 (-2.40 to 0.80) Mean difference 
Straight Cervical MRI (vs lordosis) Johansson, 2011 Headache (1 year)# 0.7 (0.30 to 1.90) Odds ratio 
Straight Cervical MRI (vs lordosis) Johansson, 2011 Headache (1 year) -1.10 (-2.90 to 0.80) Mean difference 
 
Mixed populations of people with and without current neck pain 
Disc bulge/herniation     
Disc bulging  Laimi, 2014 Pain (5 years) -0.50 (-2.45 to 1.45) Mean difference 
Disc bulging  Laimi, 2014 Headache (5 years) -1.00 (-2.56 to 0.56) Mean difference 
Disc degeneration     
Disc degeneration  Laimi, 2014 Pain (5 years) 0.00 (-1.85 to 1.85) Mean difference 
Disc degeneration  Laimi, 2014 Headache (5 years) -0.50 (-1.72 to 0.72) Mean difference 
Modic changes all types (developed) Matsumoto, 2013 Pain (11 years) 1.18 (0.53 to 2.62) Risk ratio 
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Modic changes all types (developed) Matsumoto, 2013 Headache (11 years) 0.83 (0.33 to 2.04) Risk ratio 
Modic changes type 1 (developed) Matsumoto, 2013 Pain (11 years) 1.13 (0.34 to 3.77) Risk ratio 
Modic changes type 1 (developed) Matsumoto, 2013 Headache (11 years) 0.95 (0.35 to 2.55) Risk ratio 
Modic changes type 2 (developed) Matsumoto, 2013 Pain (11 years) 0.86 (0.24 to 3.03) Risk ratio 
Modic changes type 2 (developed) Matsumoto, 2013 Headache (11 years) 1.22 (0.46 to 3.20) Risk ratio 
 
Populations with no neck pain 
Disc bulge/herniation     
Posterior disc protrusion (developed) Okada, 2009 Pain (10 years) 0.92 (0.39 to 2.15) Risk ratio 
Anterior compression of dura (developed) Okada, 2009 Pain (10 years) 2.13 (0.82 to 5.57) Risk ratio 
Disc degeneration     
Decrease in signal intensity (developed) Okada, 2009 Pain (10 years) 0.55 (0.25 to 1.23) Risk ratio 
Disc space narrowing (developed) Okada, 2009 Pain (10 years) 1.02 (0.42 to 2.48) Risk ratio 
Foraminal stenosis (developed) Okada, 2009 Pain (10 years) 2.99 (1.23 to 7.23)* Risk ratio 
Modic changes all types (developed) Matsumoto, 2012 Pain (10 years) 0.28 (0.04 to 2.01) Risk ratio 
Modic changes type 1 (developed) Matsumoto, 2012 Pain (10 years) 0.77 (0.11 to 5.22) Risk ratio 
Modic changes type 2 (developed) Matsumoto, 2012 Pain (10 years) 0.49 (0.07 to 3.42) Risk ratio 
CI= Confidence Intervals. 
^ Grade 0 is no disc protrusion and Grade 4 is large disc protrusion. 
* Statistically significant association. 
# measured as a dichotomous predictor 
a Mean difference, where a positive value indicates that those with a worse pathology had a worse outcome. 
b Risk Ratio, >1 indicates that the people with the MRI feature are at greater risk of having a poor outcome. 
C Odds ratios, >1 indicate greater odds of a poor outcome in those with the MRI feature. 
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Appendix 1. Search strategy in Medline 
 
Medline 
# Search History Medline  
1 exp cohort studies/ 
2 incidence/ 
3 follow-up studies.mp. 
4 prognos$.mp. 
5 predict$.mp. 
6 course.mp. 
7 inception.mp. 
8 survival.mp. 
9 logistic.mp. 
10 Cox.mp. 
11 life tables.mp. 
12 log rank.mp. 
13 or/1-12 
14 low back pain.mp.  
15 back pain.mp.  
16 Lumbago.mp. 
17 Back injuries.mp. 
18 Backache.mp. 
19 Or/14-18 
20 Magnetic resonance Imaging/ 
21 MRI.mp. 
22 Magnetic adj5 resonance.mp. 
23 NMR.mp. 
24 Nuclear magnetic resonance.mp. 
25 Disc degeneration.mp. 
26 Desiccation.mp. 
27 Loss of disc height.mp. 
28 Bulge.mp. 
29 Protrusion.mp. 
30 Extrusion.mp. 
31 Nerve root compromise.mp. 
32 Annular tear.mp. 
33 Endplate changes.mp. 
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34 Stenosis.mp. 
35 Facet degeneration.mp. 
36 High intensity zone.mp. 
37 Modic changes.mp. 
38 Degenerative disc disease.mp. 
39 Spondylolisthesis.mp. 
40 Or/20-39 
41 13 and 19 and 40 
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Initial search 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 
Records identified through electronic 
database search: 
MEDLINE (n=1776) 
EMBASE (n= 4910) 
CINAHL (n= 262) 
(n= 6948) 
 
Number of duplicates removed: 
(n=645) 
Number of records to be included in title 
screen:  
 
(n=6303) 
 
 
Stage 1: title screen 
Number of records to be included in 
abstract screen:  
(n=120) 
 
 
 
Records excluded based on title:  
(n=6183) Stage 2: Abstract screening 
Number of records eligible for full text 
screening:  
(n=35) 
 
Records excluded: 
- No neck pain related 
outcomes  
- No MRI at baseline 
- No association between MRI 
and outcome 
- Ineligible study design 
(n=84) 
Stage 3: Full text screening 
Number of studies eligible to be 
included: 
(n=12) 
 
Records excluded: 
- No data on the association 
between MRI and outcome 
(n=5) 
- Ineligible study design (n=7) 
- Unable to obtain data (n=8) 
- No full text available (n=2) 
- Duplicate in another language 
(n=1) 
 (n=23) 
Stage 4: Final studies. 
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